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VISCOSITY MEASUREMENTS TO DETERMINE THE 
SHEAR STRENGTH OF PEAT. 
by 
H. R. Krzywicki and Nyal E. Wilson, 


McMaster University, Hamilton, Canada. 


INTRODUCTION: 

The shear strength of a soil is one of the basic factors which 
determine the behaviour of a soil under loading. As an example, the ultimate 
bearing capacity of a soil, whether it is used for structural foundations, 
piling, or subgrade, depends on its shear strength. Of great interest to 
those concerned with the problems of construction on organic terrain, is the 


shear strength of peat from the viewpoint of vehicle mobility. 


Those persons concerned with the problem of construction and 
mobility on organic terrain are aware of the difficulties associated with the 
determination of the engineering properties of peat. The standard tests in soil 
mechanics are often of little use when attempted on peat. At the present time, 
the field vane and the penetrometer cone (1), (2) are common methods for de- 
termining shear strength, but the validity of the results can be questioned when 
the fibrous nature of peat is considered. In the vane test, the effective diameter 
of the shearing surface, the speed of rotation and the voids produced by the rotat- 


ion of the vane are not considered. (Figure #1). 


It appears that what is required is a fundamental approach to the 
shear strength problem; a study based on the rheological properties of the material 
appears to be logical. An attempt to measure the viscosity of remoulded amorphous- 


granular peat, using a Brookfield viscometer was made. 


PURPOSE : 
The purpose of measuring the viscosity of peat is two-fold. Firstly, 


it may be possible, by using a viscometer, to establish a test which would 
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correlate the engineering properties of peat with shear stress, speed of shear 
and water content. This type of relationship may be compared to the Atterberg 
Limits of a soil. Secondly, the interest in measuring the flow properties of 
peat with a Brookfield Viscometer is from the standpoint of vehicle opie: 

As the shear mechanism is basically the same for both a rotating bob and a 
rotating wheel in peat, trends observed with the viscometer may be applicable to 


operating machinery. 
APPARATUS ; 


A Brookfield Synchro-Lectric Viscometer, Model HBT, was used for 
the viscosity studies on amorphous-granular peat. This instrument has been used 
in the pulp and paper industry as a control device and is frequently used in 
industries relating to food (3), asphalt (4), printing (5), paint (6) and plastics. 
The HBT model can operate at various speeds from 0.5 to 100 rpm. The instrument 
is equipped with two types of spindles, the disc shaped bobs and the "T" 
spindles (Figure #2). 

The function of the viscometer is simple. The drag force which is 
exerted by the fluid on the rotating spindle is resisted by a calibrated torque 
spring; the torque is indicated by a reading on a rotating dial. The torque 
reading can be converted into a viscosity measurement by applying a calibration 
factor which is unique for a given spindle and speed. 

While it has been stated that the spindles can be used to measure 
the viscosity of pastes and slurries (7), consistent measurements on peat could 
not be obtained because of the influence of fibres in the material. 

The sample of amorphous-granular peat under test was contained in a 


2000 ml. beaker and no flow took place at the walls of the container. 
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THE THIXOTROPIC NATURE OF AMORPHOUS-GRANULAR PEAT. 

When a material behaves as a thixotropic fluid, there is difficulty 
in obtaining consistent torque measurements with a viscometer; amorphous-granular 
peat exhibits this property. In thixotropic fluids, if the shear rate is kept 
constant, the torque reading decreases with time. The problem is to decide when 
the torque readings should be taken. If the maximum value of torque is required, 
the factors which govern this are: 

1. Mixing - The method of mixing the sample and the mixing time effect the 
maximum torque reading by altering the relative greg. 76 of the 
material. 

as Curing Time - The curing time, which is defined as the period between mixing 

and testing, has a definite influence on the maximum torque reading. 

As the curing time increases, the maximum torque increases (Figure #3). 

This is due either to consolidation of peat under its own weight or to 

"setting-up" process. 

3. Speed of Rotation of the Bob - The speed of rotation is important because at 

the higher shear rates, it was noticed that the maximum torque read- 

ings were effected by the momentum of the spindle on the calibrated 


spring. 


There are advantages in using the minimum value of torque for vis- 
cosity calculations on thixotropic fluids. This method has been used previously 
in a study of the viscosity of clays (8). The importance of maximum torque 
meauurements is greatly reduced when minimum torque measurements are obtained. 
The speed of rotation of the spindle is not a consideration, as the momentum effect 
of the spindle on the calibrated spring is dampened after the first revolution 


of the spindle. The method and time of mixing is still important, but the 


Vi ceo iv ws bee 


nessa 


endl 


to goin 2 To 


CAS AA LUYAAS BUCH TAQMA FG TAUTAM, IIo TG 


Ht acqgoysoxtay Al »sEPTeqorg nbata bade 


=~ 
ae y s ee 1; 
x<km oft ¥2 .neded 6 & blugda eqguibast ou 


stutgerom edt va bevostts oraw aaa 


ete? ab rt hqor sox fils iw anorte! 


EE Se tens damn en heemeaiieeenndtl et ge 


i378 26 aavatied (airotem 2 rod, 


iw 2a srerTretasn 4 Sup "To? tawte ve se 


; i ; to ee 
dgiw eseessoSb gaibaet ouprot oft 4 
a ic 7 nh 
¢ oak ta wrevog do imtw- 
it ogixin to bodyen oat ~ g 


fezic Va Or besy siroxvos mum ined’ 


s ss r 
i on gs. asap 
{ is gattoa edt + emit 
‘ 
? : ee .FnLseos ote 
we 
as iS GALT Shs ee 


OzsI0 ot tobe gub &h anit 
z, 
eeogeg “curng niger” ) 
vin ofl - dom ede to aoktasoh 20 6 


On ¢eW Ff ,B6789 reece ‘~ongid of 


bh 


’ 
" 


gtken ied esgetravha esa Ste: 


Ls 


ie 


x 


out (8) 2 Yolo + ‘3 sfaeoelv “ttt ‘= 


Ri 


upeoy om inte aorw baguter viaver *y osm 


aces avalaie etaiarat a 


effects of these factors on the minimum torque reading are reduced. The main 
objection t0 using the minimum torque value is the period of time required to 
perform the test. It may be several hours or even days before a minimum reading 


can be obtained. During this period, evaporation and consolidation takes place. 
INFLUENCE OF CURING TIME ON VALUES OF MAXIMUM TORQUE 


One series of tests was performed to determine the influence of 
curing time on the value of maximum torque. It was found that the torque in- 
creased with the curing time (Figure #3). This could be attributed to a combina- 
tion of the consolidation of peat under its own weight and some "setting-up" 
process which occurs within the structure of the peat. 

One application of this test, with respect to vehicle mobility 
would be to determine the significance of a delay between vehicle passes over 
organic terrain. By controlling the interval between vehicle passes, the 


optimum mobility for a vehicle convoy could be obtained. 


INFLUENCE OF ELAPSED TIME AND ROTATIONAL SPEED ON TORQUE. 


As amorphous-granular peat is thixotropic in nature, the torque reading 
at a given speed decreases with time (Figure #4). It is expected that the mechanism 
for this phenomenon is (a) reduction of effective shearing radius due to the 
alignment of the fibres in the peat and (b) lubrication of the spindle caused 
by the migration of water to the shearing zone (Figure #5). 

These results indicate that it is advantageous to operate a vehicle 
under full power to get out of the peat as soon as possible. The shear strength, 


however, decreases rapidly at high speeds and this effect should be considered. 
CONCLUSIONS 


This fundamental investigation has shown that peat is a thixotropic 


material and it can be expected that peat behaves as other thixotropic materials. 
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It has been shown that peat regains strength during a period 
of inactivity, called the "setting-up" time. This is significant in vehicle 
mobility as the peat has a greater shearing resistance if a time interval is 
available between vehicle passes. 

The breakdown of the peat structure when continuously stirred 
also has an application to vehicle mobility. The shear resistance has a maxi- 
mum value at the initial stages of shear and, consequently, the maximum trac- 
tive effort can be obtained by a vehicle under full power. However, the 
structural breakdown at high speeds is rapid and the spinning wheels can readily 


cause a reduction in shearing resistance. 
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FIELD VANE IN FIBROUS PEAT 


FIG, #1 =- FIELD VANE IN FIBROUS PEAT 
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FIG. #3 — INFLUENCE OF CURING TIME 
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FIG, #4 = INFLUENCE OF CONTINUOUS STIRRING 
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FIG, #5 = CLOSE-UP OF ROTATING SPINDLE 
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